Introduction {#S0001}
============

Breast cancer is one of the most frequently diagnosed cancers among women in the world.[@CIT0001] Triple-negative breast cancer (TNBC) represents an aggressive subtype of breast cancer, accounts for 15--20% of clinical cases. TNBC is characterized by lack of estrogen receptor (ER), progesterone receptor (PR) and HER2 receptor and thus resistance to conventional chemotherapy for breast cancer.[@CIT0002]--[@CIT0004] Therefore, it is essential to better understand TNBC progression and identify more prognostic and therapeutic molecules to promote TNBC diagnosis and treatment.

Circular RNAs (circRNAs) are a novel class of non-coding RNAs characterized by the lack of 3ʹpolyA tail and a special loop structure.[@CIT0005] With the development of microarray and high-throughput sequencing, the expression profile and potential function of circRNAs were investigated in a variety of human tissues.[@CIT0006],[@CIT0007] Accumulating evidences indicated that circRNAs may play pivotal roles in disease progression by acting as miRNAs sponges,[@CIT0008] regulating splicing events and interacting with RNA-binding proteins.[@CIT0009] The sponge mechanism of circRNAs indicated that they may bind to miRNAs and consequently repress function of miRNAs.[@CIT0010] For instance, Zhou et, al found that circSMARCA5 could inhibit progression of hepatocellular carcinoma by acting as sponges of miR-17 and miR-181b;[@CIT0011] CircLMTK2 was proved to promote gastric cancer proliferation through sponging miR-150.[@CIT0012] However, the expression profile and function of circRNAs in TNBC progression have not been clearly elucidated.

In this study, we performed microarray and bioinformatics analyses to investigate circRNAs alteration in TNBC tissues compared to control. Among the differentially expressed circRNAs, hsa_circ_0131242 was validated to be significantly up-regulated in both TNBC samples and cell lines by qRT-PCR experiment. Subsequently, the correlation between hsa_circ_0131242 and clinical outcomes of TNBC patients was calculated. Finally, the function and potential mechanism of hsa_circ_0131242 in breast cancer cells were investigated, which provides a new insight into the diagnosis and treatment of TNBC.

Materials and Methods {#S0002}
=====================

Cell Lines, Patient Samples and Ethical Statement {#S0002-S2001}
-------------------------------------------------

Human breast cancer cell lines including BT549, MDA-MB-231, MDA-MB-468, T47D and HCC1806, normal mammary epithelial cell line (MCF-10A) were obtained from Cell Bank of the Chinese Academy of Sciences (Shanghai, China) and American Type Culture Collection (ATCC, USA). Cells were cultured following the instruction of supplier. The breast cancer tissues and adjacent non-tumorigenesis tissue were collected from 120 TNBC patients aged from 18 to 70 years old that received therapy in Cancer Hospital of China Medical University between 2009 and 2016 ([[Supplementary Table 1](http://www.dovepress.com/get_supplementary_file.php?f=246957.docx)]{.ul}). Patients enrolled in this study did not receive neoadjuvant chemotherapy before. The written informed consents were obtained from all participants. This study was approved by Ethics Committee of Cancer Hospital of China Medical University and was in accordance with Helsinki Declaration.Table 1Hsa_circ_0131242 Expression and Clinical Features of TNBC Patients (n = 120)Clinical Indexhsa_circ_0131242 Expression*P*-valueHigh (n = 86)Low (n = 34)Age (years)0.847 \<502710 ≥505924TNM stage\<0.001 I\
 II--III10\
7615\
19Tumor size (cm)\<0.001 ≤2913 \>27721[^1]

RNA Extraction and circRNAs Microarray {#S0002-S2002}
--------------------------------------

Total RNA was isolated from five pairs of breast cancer tissues and adjacent non-tumorigenesis tissue using TRIzol (Invitrogen, CA, USA) following the instructions of manufacturer. RNA quality and integrity were examined by a NanoDrop ND-1000 (Thermo, MA, USA) and denaturing agarose gel electrophoresis. CircRNA microarray was conducted in CapitalBio company (CapitalBio, Beijing, China) using Human CircRNA Array v2.0. The raw expression data were processed and normalized by GeneSpring software.

Bioinformatics and Statistical Analyses {#S0002-S2003}
---------------------------------------

The annotations and sequences of circRNAs were obtained from circBase.[@CIT0013] miRNA expression data of human breast cancer were downloaded from GEO database (GSE28969). Differentially expressed circRNAs and miRNAs were analyzed by EdgeR[@CIT0014] and setting the threshold as \|fold change\| ≥2 and *P*-value \<0.05. Pearson's correlation analysis was conducted to search the expression tendency between hsa_circ_0131242 and miRNAs. The target binding of miRNAs to circRNAs was predicted by TargetScan and Miranda algorithms.[@CIT0015] Pathway enrichment was performed by KOBAS software.[@CIT0016] The Kaplan--Meier analysis was conducted to evaluate the overall survival rate. Correlation between clinical features and survival was calculated by Cox regression analysis. All statistical tests were two sided and conducted by R software ([<https://www.r-project.org>]{.ul}); moreover, all experiments were performed at least three times and performed in triplicate. *P*-value \<0.05 was considered statistically significant.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) {#S0002-S2004}
----------------------------------------------------------

Total RNAs from cancer tissues or cell lines were isolated using TRIzol (Invitrogen, CA, USA) following the instructions. RNAs were reverse-transcribed into complementary cDNAs by Prime Script RT reagent kit (Takara, Japan). The quantitative real-time PCR was conducted with SYBR Taq (Takara, Japan) at an Applied Real-Time PCR System following the instruction of manufacturer. U6 and GAPDH were used as controls for miRNAs and circRNAs, respectively. The relative expression of RNAs was calculated by 2^−ΔΔCt^ method. Primer sequences are listed in [[Supplementary Table 2](http://www.dovepress.com/get_supplementary_file.php?f=246957.xlsx)]{.ul}.

Cell Transfection {#S0002-S2005}
-----------------

MDA-MB-468 and BT549 cells were transfected in six-well plates with small interfering RNA for hsa_circ_0131242 and hsa-miR-2682 inhibitor using Lipofectamine 2000 (4μL/well, Invitrogen, USA) following the manufacture's guidance. The siRNA and miRNA inhibitor were synthesized by RiboBio company (Guangzhou, China).

Cell Counting Kit‐8 (CCK-8) and Colony Formation Assays {#S0002-S2006}
-------------------------------------------------------

Cells (1×10^3^) were seeded in a 96-well plate. After 48 h of transfection, CCK-8 solution (10 μL) was added and then cells were incubated for 2 h (37°C). The absorbance at 450 nM was observed. For colony formation assay, cells were plated into 6-well plates (500 cells/well) followed by 2-week incubation at 37°C. The colonies were treated with 4% formaldehyde and then stained with crystal violet (1%) for 5 min. Finally, colonies were counted under a microscope. All experiments were performed in triplicate.

Wound-Healing and Transwell Assays {#S0002-S2007}
----------------------------------

The transfected cells were seeded in six-well cell culture plates, grown to confluence overnight. The wound was scratched using 200μL pipette tip and were then imaged after 0 and 48h. For transwell assay, cells (2×10^4^) in serum-free medium (200μL) were added into transwell chamber (Corning, NY, USA), 20% FBS medium was added into the lower chamber. Twenty-four hours later, cells on the upper chamber were removed and the remaining cells were treated with paraformaldehyde (4%) and stained with crystal violet after washing. Cells were quantified using Image J software.

Dual-Luciferase Reporter Assay {#S0002-S2008}
------------------------------

Bioinformatics algorithms predicted the target binding of miRNA and circRNA. To verify the target binding, dual-luciferase reporter assay was conducted. To construct plasmid of circRNA, the conserved sequence of hsa_circ_0131242 was cloned into the pGL3-Basic luciferase vectors. Cells (3×10^4^) were seeded in 24-well plates and transiently transfected with pGL3- hsa_circ_0131242 and miRNA mimics for 24 h. Luciferase activity was obtained by dual-luciferase reporter assay system (Promega, USA) following the instruction of manufacturer. Independent experiments were performed in triplicate.

RNA-Binding Protein Immunoprecipitation (RIP) {#S0002-S2009}
---------------------------------------------

The MS2bp-MS2bs based RIP experiment was conducted to verify the interaction between circRNA and miRNA. Cancer cells were co‐transfected with vectors of MS2bs-Rluc (control), MS2bs‐hsa_circ_0131242 and MS2bs‐hsa_circ_0131242mt (complementarity to hsa-miR-2682 was removed) by Lipofectamine 2000 (Invitrogen, CA, USA). RIP experiment was performed after 48 h using Magna RIP Kit (Millipore) according to the manufacturer's guidance.

Results {#S0003}
=======

Identification and Characterization of hsa_circ_0131242 {#S0003-S2001}
-------------------------------------------------------

To identify potential circRNAs that may involve in breast cancer progression, we performed microarray and bioinformatics analyses. A total of 624 differentially expressed circRNAs were identified between TNBC tissues and adjacent normal tissues. [Figure 1A](#F0001){ref-type="fig"} presents the top 20 differentially expressed circRNAs (fold change ≥2 and *P*-value \<0.05) based on high expression level and fold change. Screening the Kyoto Encyclopedia of Genes and Genomes (KEGG) database enables us to find cancer-related pathways of top 20 circRNAs. As shown in [Figure 1B](#F0001){ref-type="fig"}, host genes of circRNAs were mainly enriched in ECM−receptor interaction (hsa04512), transcriptional misregulation in cancer (hsa05202) and MicroRNAs in cancer (hsa05206), indicating their potential roles in cancer pathogenesis. Among the top 20 differentially expressed circRNAs, hsa_circ_0131242 had the highest expression in TNBC tissues, which is 6.85 times higher than that in normal control tissues. Hsa_circ_0131242 (chr6:161022009−161034449) is partially derived from mitogen-activated protein kinase 4 (MAP3K4) with genomic sequence of 12441nt. To verify the loop structure of hsa_circ_0131242, total RNA was treated with RNase R. As shown in [Figure 1C](#F0001){ref-type="fig"}, hsa_circ_0131242 was resistant to RNase R digestion compared with linear GAPDH or β-actin mRNAs. Moreover, hsa_circ_0131242 was successfully reversed by the random primer but resistant to oligo DT primer ([Figure 1D](#F0001){ref-type="fig"}). The above findings indicated the circular structure of hsa_circ_0131242.Figure 1Identification and characterization of hsa_circ_0131242. (**A**) Top 20 differentially expressed circRNAs in TNBC breast cancer tissues compared to control. (**B**) KEGG analysis of host genes corresponding to top 20 circRNAs. (**C**) qRT-PCR analysis of GAPDH, β-actin and hsa_circ_0131242 after RNase R treatment. (**D)** Poly A-tailed mRNAs can be synthesized to cDNA using random primer or oligo DT primer, non-poly A-tailed hsa_circ_0131242 cannot be reversed to cDNA by using oligo DT primer. \**P* \< 0.01.

hsa_circ_0131242 Was Associated with Clinical Features in TNBC Patients {#S0003-S2002}
-----------------------------------------------------------------------

We validated the expression level of hsa_circ_0131242 in 30 pairs of TNBC tissues and control tissues. As shown in [Figure 2A](#F0002){ref-type="fig"}, hsa_circ_0131242 was remarkably up-regulated in TNBC samples compared to control as identified by qRT-PCR. Moreover, high expression level of hsa_circ_0131242 was also detected in breast cancer cell lines (BT549, MDA-MB-231, MDA-MB-468, HCC1806 and T47D) ([Figure 2B](#F0002){ref-type="fig"}). The above results were consistent with microarray expression data. We then measured the association between hsa_circ_0131242 expression and clinical features in 120 TNBC tissues. As shown in [Table 1](#T0001){ref-type="table"}, hsa_circ_0131242 expression was significantly associated with tumor size and TNM stages (*P* \< 0.001). Besides, Kaplan--Meier survival analysis showed that patients with high hsa_circ_0131242 level had a poorer overall survival ([Figure 2C](#F0002){ref-type="fig"}).Figure 2Hsa_circ_0131242 was associated with clinical features in TNBC patients. (**A** and **B**) Hsa_circ_0131242 was highly expressed in breast cancer tissues and cell lines. (**C**) Overall survival for breast cancer patients with high or low hsa_circ_0131242 expression. \**P* \< 0.01.

hsa_circ_0131242 Knockdown Inhibited the Progression of TNBC Cells {#S0003-S2003}
------------------------------------------------------------------

To gain insights into the cellular effects of hsa_circ_0131242 in TNBC, BT549 and MDA-MB-468 cell lines were used to knock down hsa_circ_0131242, as shown in [Figure 3A](#F0003){ref-type="fig"}. CCK-8 and colony formation assays revealed that hsa_circ_0131242 knockdown significantly inhibited cell proliferation ([Figure 3B](#F0003){ref-type="fig"}) and colony formation ([Figure 3C](#F0003){ref-type="fig"}). We further examined the effects of hsa_circ_0131242 on migration of cancer cells. As shown in [Figure 3D](#F0003){ref-type="fig"}, wound-healing assays indicated that hsa_circ_0131242 knockdown significantly inhibited the migration of BT549 and MDA-MB-468 cells ([Figure 3D](#F0003){ref-type="fig"}).Figure 3Hsa_circ_0131242 knockdown inhibited the progression of TNBC cells. (**A**) Transfection of si-hsa_circ_0131242 in BT549 and MDA-MB-468 cell lines. (**B**--**D**) CCK-8, colony formation and wound-healing assays revealed that hsa_circ_0131242 knockdown inhibited cell proliferation, colony formation and migration of BT549 and MDA-MB-468 cell lines. \**P* \< 0.01.

hsa_circ_0131242 Regulated Breast Cancer Progression by Sponging hsa-miR-2682 {#S0003-S2004}
-----------------------------------------------------------------------------

Considering circRNAs could act as miRNAs sponges to participate in biological process, we analyzed the miRNA expression data from human breast cancer database (GEO: GSE28969). Twelve differentially expressed miRNAs were found to be significantly correlated with hsa_circ_0131242 based on Pearson Correlation Coefficient (PCC) ≤ −0.8 and *P*-value ≤0.05. Among these miRNAs, hsa-miR-2682-3p was predicted to be a potential target of hsa_circ_0131242 by two algorithms ([Figure 4A](#F0004){ref-type="fig"}). QRT-PCR showed that hsa-miR-2682 was down-regulated in breast cancer cell lines and knockdown of hsa_circ_0131242 enhanced hsa-miR-2682 expression ([Figure 4B](#F0004){ref-type="fig"}). Luciferase reporter assays were conducted to verify the target binding of hsa-miR-2682 and hsa_circ_0131242 ([Figure 4C](#F0004){ref-type="fig"}). As shown in [Figure 4D](#F0004){ref-type="fig"}, hsa-miR-2682 significantly reduced the luciferase activity of hsa_circ_0131242 wild type while had no effect on mutant type. Besides, RIP assay showed an enrichment of hsa-miR-2682 in RNAs retrieved from MS2bs-hsa_circ_0131242 ([Figure 4E](#F0004){ref-type="fig"}), suggested that hsa_circ_0131242 could act as a sponge for hsa-miR-2682. Moreover, co-transfection of hsa-miR-2682 inhibitor and si-hsa_circ_0131242 rescued cell proliferation and migration in BT549 and MDA-MB-468 cell lines ([Figure 4F](#F0004){ref-type="fig"} and [G](#F0004){ref-type="fig"}).Figure 4Hsa_circ_0131242 regulated breast cancer progression by sponging hsa-miR-2682. (**A**) Workflow of screening candidate miRNAs that targeted by hsa_circ_0131242. (**B**) Hsa-miR-2682 was down-regulated in breast cancer cell lines and knockdown of hsa_circ_0131242 enhanced hsa-miR-2682 expression. (**C**) Predicted binding sites of hsa-miR-2682 and hsa_circ_0131242. (**D**) Luciferase reporter assay of BT549 cells co-transfected with hsa-miR-2682 mimics and wild‐type (WT) or mutant (Mut) reporter. (**E**) MS2‐based RIP assay was conducted in BT549 cells. (**F** and **G**) Cell proliferation and migration were reversed by co-transfection of hsa-miR-2682 inhibitor and si-hsa_circ_0131242, as detected by CCK-8 and transwell assays. \**P* \< 0.01.

Discussion {#S0004}
==========

Triple-negative breast cancer is an aggressive subtype of breast cancer with rapid tumor growth and chemotherapy resistance.[@CIT0017],[@CIT0018] To explore potential therapeutic targets for TNBC diagnosis and treatment, we performed genome-wide circRNA microarray analyses in TNBC tissues and control tissues. CircRNAs are a novel class of endogenous ncRNAs with covalently closed loop structure.[@CIT0005] This property makes circRNAs more stable than linear RNAs and is expected to serve as diagnostic biomarkers for a variety of human cancers.[@CIT0019] Liu et, al identified certain circRNAs were abnormally expressed in human laryngeal squamous cell carcinomas and hsa_circ:chr20:31876585--31897648 may be a candidate biomarker for disease treatment.[@CIT0020] By analyzing microarray data, we noticed that hsa_circ_0131242 was highly expressed in breast cancer tissues and the up-regulation was validated by qRT-PCR experiment in 30 TNBC tissues and breast cancer cell lines. High expression level of hsa_circ_0131242 in breast cancer deserves us to further explore its clinical significance in TNBC patients. The Kaplan--Meier results showed that high expression level of hsa_circ_0131242 in TNBC patients was correlated with poorer prognosis.

Accumulating evidences demonstrated that circRNAs play important roles in regulating cellular physiology processes,[@CIT0009] for example, circPRKCI was identified to act as a tumor promoter in lung adenocarcinoma.[@CIT0021] We investigated the cellular function of hsa_circ_0131242 in BT549 and MDA-MB-468 cell lines. The results indicated that knockdown of hsa_circ_0131242 could suppress proliferation, colony formation and migration of breast cancer cells. Currently, the mechanism of circRNAs remains to be explored, previous studies have shown that circRNAs could function as miRNAs sponges to regulate gene expression.[@CIT0008],[@CIT0009] For example, circRNA circMTO1 was found to suppress the progression of hepatocellular carcinoma by sponging miR-9 and thus promoted p21 expression.[@CIT0022] By means of bioinformatics prediction and experimental validation, we verified that hsa_circ_0131242 could act as a sponge for hsa-miR-2682. Further co-transfection of hsa-miR-2682 inhibitor and si-hsa_circ_0131242 in cells indicated that hsa_circ_0131242 regulated breast cancer progression by sponging hsa-miR-2682.

Collectively, our study showed that hsa_circ_0131242 was highly expressed in TNBC and its expression was positively correlated with advanced tumor stages and poorer clinical features of TNBC patients. Furthermore, hsa_circ_0131242 could regulate breast cancer progression by sponging hsa-miR-2682, which may serve as a potential therapeutic target for breast cancer.
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[^1]: **Note:** Patients were divided into high/low expression groups based on the mean expression of hsa_circ_0131242.
